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It has been brought to light that the trisubstituted «-glycols may be 
dehydrated by acids and undergo subsequent transposition in three ways: 
(I) by the semihydrobenzoin rearrangement it gives a trisubstituted aldehyde 
with the elimination of the tertiary OH-group; (II) by the vinyl dehydration 
the tertiary OH is removed, yielding a ketone without changing the skele- 
tone of the carbon chain; and (III) by the semipinacolin rearrangement a 
ketone is formed with the removal of the secondary OH-group. 


RR’C (OH)-CHR” (0 H)—->(RR’C- CHR’’(O-)) —>RR’R"C-CHO ...( I ) 
RR’C (OH)-CHR” (0 H)——>(RR’C=CR”(OH) )—>RR’CH-CO-R”... (IT) 
RR’C (0 H)-CHR” (OH)—>(RR'C (0 -)- CHR”)--->R-CO-CHR’R”... (II) 


The first occurs almost exclusively by the action of boiling dilute sul- 
phuric acid, and the other two either by the same reagent or by cold con- 
centrated sulphuric acid, the nature of the substituents also influencing the 
direction of the rearrangements. These transpositions have been studied 
from various points chiefly by French chemists, above all, Orékhoff, Tiffe- 
neau and Lévy, but they have not gone the length of interpreting these 
rearrangements from one and the same standpoint, for the rearrangement 
is so manifold as appears to be particular to each type of the glycols. It is 
attempted, in this paper, to throw a light on the mechanism of these re- 
arrangements by applying the theory of alternate polarity and the relative 
electronegativity of organic radicals on the pile of experimental data given 
by the above mentioned and other chemists. According to Kharasch and 
his colaborators the electronegativity of some organic radicals are in the 
following order : 


p-CH;0-CsH,— >2-CypH:— > Halogenophenyl >C.eH;— >CH;— > 
C.2Hs—>n-C3H7— >n-Cy,H»— > CeHs-CH2—** 
In order to explain the influence exerted by the acids a presumable 
assumption is made that the dilute acid dehydrates catalytically, as in case 


*In the previous paper, (this Bulletin, 3 (1928), 308-316), the rearrangements of pina- 
cones and tertiary amino-alcohols are discussed. 
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of pinacones and tertiary amino-alcohols, whereas the concentrated acid acts 
substitutionally. In this way, (1) we can explain clearly complicated influ- 
ences exercised by various substituents as well as dehydrating agents, and 
can look through the rearrangements of all the glycols in question from 
one point. (2) We can afford theoretical basis to many facts and laws 
which have been established experimentally, including the problems of the 
migratory tendency of organic radicals. Thus the interpretation based on 
the electronic theory of valence would appear to offer a good working 


hypothesis. 
I. Rearrangements by Dilute Sulphuric Acid. 


1. Glycols with negatively polarized tertiary OH-groups. Owing to 
the highly positive character of hydrogen, nearly all trisubstituted a-glycols 
have their tertiary hydroxyls negatively polarized. Therefore, if the dilute 
acid dehydrates catalytically according to the mechanism discussed in the pre- 
vious paper, it must be the tertiary OH that attracts the H-ion of the acid, 
whereas we have two H-atoms which can combine with the anion of the 
acid, i.e. that of the secondary OH-group and that attached to the secondary 
carbon. This alternative will be influenced by the substituent in the secon- 
dary carbon in such a manner as to discriminate the polarity of the two 
H-atoms in question. The presence of a negative radical such as aryl, in 
the secondary carbon, produces a lessening effect on the negative polarity 
of this carbon, and this causes the adjoining hydrogen to be induced nega- 
tive and that of hydroxyl positive, consequently it should be the latter 
hydrogen which will be brought with greater ease into ionic state (1a) ; on 
the other hand, the reverse holds in case of a glycol with an alkyl group in 
the secondary carbon (1b). Thus we have two different cases according to 
the negativity of the substituent in the secondary carbon. 

Seog (Ar=aryl) c-6t (R=alkyl) 
| i |’ NHit+ 
_O—H, +O—H- 


(a) Glycols with a grouping—CHAr(OH). By the elimination of water 
it gives such a fraction of the molecule as RR’C-CHAr(O-), as can be seen 
from the reason just described, and subsequently one of the two substituents 
attached to the secondary carbon, either the hydrogen or the aryl, migrates 
to the tertiary carbon. But owing to the positive polarity of this carbon, it 
must be the aryl, the more negative group of the two, that wanders, giving 
a trisubstituted aldehyde (semihydrobenzoin rearrangement). 


**Kharasch and others, J. Chem. Education, 5 (1928), 408. This table contains some 
corrections and complements to the old one given in the previous paper. 
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+ yt 
>C(OH)-CH Ar(OH)——> >C—C a —~—>CAr-CHO 
“ -_ 
(-O) 
*x - 
PhRC(OH) - CHPh(OH)--Ph,RC -CHO, where R=Me®, Et, Pr, iso-Bu@®, 
iso-Am.@7) 


R,C(OH)-CHPh(OH)- PhR.C-CHO, where R= Me™, Et, Pro, 


R,C(OH) - CHAnis(OH)-> AnisR.C -CHO, where R=Me®», Et“, Ph, Anis. 


-_ (26) is) 
RR/C(OH) - CHAnis (OH)-> Anis RR/C - CHO, where 8, irc ‘ea 


Anis. 
on 

In spite of the presence of the typical grouping —ArCH(OH), triary] 
glycols AreC(OH)-CHPh(OH), where Arz=Ph2, (Ph, Anis)“® and Anis, 
are not subject to semihydrobenzoin rearrangement but to vinyl dehydra- 
tion, while the corresponding glycols with the grouping —CHAnis(OH), 
undergo semihydrobenzoin rearrangement, as is seen in the Ex. 3 and 4. 
These abnormal glycols have two characteristics in their structure ; namely 
(i) both groups attached to the tertiary carbon are strongly negative, and 
(ii) the aryl radical bound to secondary carbon is pheny!] and not anisyl. 
These characteristics account for the abnormal behaviour and prove that 
the state of polarity in these molecules is favourable to vinyl dehydration. 
Thus the accumulation of positivity on the part of the tertiary carbon due 
to the two aryl groups, will cause such a strongly negative polarity in the 
secondary carbon as being free from the influence exerted by the adjoining 
phenyl. Consequently the hydrogen bound to this carbon will be imparted 
with positive polarity ; and this results in vinyl dehydration of the glycols 
in question. This unusual induced negativity on the part of the secondary 
carbon will be first reduced when the phenyl is replaced with anisyl, the 
most negative group, and semipinacolin rearrangement reappears. Thus 
it will be seen that these apparent contradictions make by no means an 
objection against the above electronic views, but on the contrary, afford a 
powerful support for them. 

(b) Glycols with grouping —CHR(OH). These glycols, when dehy- 
drated, should give derivatives of vinyl alcohol, >C=C(OH)R, as discussed 
above, which, being unstable, isomerize into their keto-form, >CH-CO-R, 
by the catalytic action of the acid present. This keto-enol isomerisation 


*Following symbols are adopted: Am=Amyl, Anis=p-Anisyl, Ar=Aryl, Bu=Butyl, 
Bzl= Benzyl, Et=Ethyl, Nap=Naphthyl, Ph=Phenyl, Pr=Propyl. 

**For the convenience’s sake, the literatures concerning to examples are collected in 
the end of this paper. 
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has already been interpreted as prototropy by Lowry* from the electronic 
standpoint. 
R’.C(OH)-CHR(OH)—R’2C=C(OH)R—R’2CH-CO-R 
Ex.5. R’/=Ph; R=Me®, Ph,CH—@», 


6. R’/=fMe®, f[Me®, fMe@%, § Mees, Et, s Et, fEt®), ¢ Bz, 
R= \Me, _Liso-Pr, \ Bzl, Ph,CH—, \Me, \Bzl, \Bzl, Me. 


2. Glycols with negatively polarized secondary OH-groups. Glycols 
of this type are very rare from the reason already mentioned; but if the 
tertiary carbon is combined to strongly electropositive radicals, and the 
secondary carbon to a highly negative group, it may be the case that the 
secondary hydroxyl is induced negative. Actually, glycols BzleC(OH)- 
CHAr(OH), where Ar=Ph® or Anis™, are subject to neither semihydro- 
benzoin rearrangement nor vinyl dehydration, but to semipinacolin trans- 
formation as follows: 


Bzl.C(OH)*-CHAr(OH)- ~Bzl,C(O-)-CHAr +Bzl-CO-CHBzlAr. 


Summary. A delicate relation between the state of polarity in the 
molecule and the mode of dehydration by dilute sulphuric acid manifests 
itself in the rearrangements of the glycols ReC(OH)-CHR’(OH), which are 
tabulated as under. This table serves also as a summary to the present 
chapter. 


Typical reactions of ReC(OH)-CHR’(OH) by dil. H2SO, . 


-- 


Vv 


No Reaction 


H=Semihydrobenzoin—, P=Semipinacolin-rearrangement, V = Vinyl 
dehydration. 


Il. Rearrangements by Concentrated Sulphuric Acid. 


It is a probable assumption that the dehydration by concentrated sul- 
phuric acid takes place substitutionally, since we can prove it experimentally 


*Cf. J. Chem. Soc., 127 (1925), 1371. 
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in case of primary alcohols. In a dihydric alcohol we may have selective 
substitution of the two OH-groups ; and in case of a trisubstituted «glycol, 
different from the case of a pinacone, the polarity difference of the two 
hydroxyls is not the only factor to affect this selection, for secondary and 
tertiary hydroxyls are not same in the ease for substitution. Namely, the 
former is substituted with greater ease as is seen, for example, in the 
Schotten and Baumann’s reaction. It seems that this sterical influence is 
so strong that it overcomes some negative polarity on the part of the 
tertiary hydroxyl, so long as this is not marked, resulting in elimination of 
the secondary hydroxyl. Therefore, it is the degree of polarity developed 
in the molecule, and not its mere sence, that plays an important role in the 
rearrangements by concentrated sulphuric acid. 


1. Glycols with marked polarity. (a) Glycols with negatively polarized 
tertiary OH-groups. In these commonest case, sulphuric acid attacks the 
tertiary hydroxy] substitutionally, inducing the secondary carbon strongly 
negative. As this causes the increase of the positive character of the 
hydrogen bound to this carbon, vinyl dehydration should result. 


>C(OH)-CHR(OH)— > C(SO,H)-CHR(OH)— >C=C(OH)R—>CH:-CO-R 
. Ph,C(OH)-CHR(OH)--Ph,CH-CO-R, where R=Me™, iso-Bu', BzI@, Ph, 
PhRC(OH)-CHPh(OH)--PhRCH-CO-Ph, where R= Me™, iso-BuC”, Ph, Nap@). 
PhRC(OH)-CHR(OH)--PhRCH-CO-R, where R=Et®), Pro, 
R,C(OH)-CHR/(OH)-—R.CH-CO-R’, where, 
R =f{Me®, (Me, {Me®®, (Me®, fEtC®, sEt™, ¢ Bzi, 
R’/= \ Me, iso-Pr, \ Bz], Ph, .CH., Me, Bzl, \Me. 
(b) Glycols with negatively polarized secondary OH-groups. It goes 
without saying that semipinacolin rearrangement takes place in these few 
cases. 


Ex. 11. Bzl,C(OH)+ -CHR(OH)-<-Bzl,C(O-) -CHR--Bzl -CO-CHRBzl, where R=Ph, 
Anis®, ; 


2. Glycols without marked polarity. These glycols are generally 
subject to semipinacolin rearrangement as the result of predominance of 
the sterical influence over the effect due to polarity. In this rearrangement 
one of the two groups combined to the tertiary carbon undergoes either 
simple or selective migration according to the type of the glycols in 
question. 

(a) Case of simple migration. When the substituents in the tertiary 
carbon are the same, the migration is simple. 


— ea ee 
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Ex. 12. R,C(OH)-CHPh(OH)--R-CO-CHRPh, where R=Me, Et, Pr@S, Bu@®, Bz]cs), 


(b) Case of selective migration. When the tertiary carbon is substi- 
tuted by two different groups, the migration takes place selectively. A 
close relation between polarity and selective migration has been often dealt 
with in the present and previous papers. But when dehydration is carried 
out substitutionally, it must be payed attention that the carbon which has 
been occupied by SO,H-group becomes strongly positive regardless of the 
original polarity, because the SO,H-radical deprives of the covalency elec- 
trons, when removed as ion. Therefore, if there exists sufficient difference 
of electro-negativity between the groups to be selected, the wandering 
group must be the one that is more negative. 


+ - “Ph + 
Ex. 13. PhRC(OH)-CHPh(OH) -> PhRC(OH) - CHPh(SO,H) - - »C(O-)- CHPh--R- CO- 
+ A . 


CHPh,, where R=Et®®, Pr, iso-Pr¢?, Bu@®, iso-Am@, In these cases, 
ketones PhRCH-CO-Ph, are also formed, but only as by-products.) ; BzlC?. 


On the other hand, if the polarity difference between the two groups 
is small, as is the case between alkyls, it is conceivable that the migration 
of the radical does not necessarily comply with the above rule. It is nota 
great error to assume that the stability of the union between these radicals 
and the tertiary carbon might play an important réle in this case. If so, it 
must be the more positive group that migrates, for ‘‘a low degree of affinity 
for electron (i.e. of electronegativity) on the part of a radical results in 
instability of the bond which that radical may form with another radical or 
atom.’’* 

Ex. 14. RR/’C(OH)-CHPh(OH)--R-CO-CHPhR’, where R/ is the more positive group, thus 


R = f Me™), Me®®, f Me@®, Me), Et®®, Pr&®, Pr, Siso-Pr&®, 
R/= {ie {Pe iso-Pr, { Bs, { Bal. { Bo, { Bal, UBzl. 


Pr2®, £ iso-Preo\** 
(te, {ee ) 


Ex. 15. MeEtC(OH)-CHAnis (OH)->Me-CO-CHAnisEt®®, 

Similarly we can explain the selective migration of such pinacones as 
Me2C(OH)-CMeR(OH), where R= Et®, Pr, iso-Pr@; PheC(OH)-CMeR(OH), 
where R=Et®”, Bzl; and MeEtC(OH)-CMeEt(OH)", which have been 
dealt with as contradictions in the previous paper. 


Conclusion. 
Under the assumption that dilute sulphuric acid dehydrates catalytic- 
ally, while the concentrated acid substitutionally, the mechanism of the 


* Kharasch and others, loc. cit. 
**Exceptions. 
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rearrangements of all trisubstituted «-glycols can be interpreted causally 
from the stand point of the electronic conception of valence. 


Semihydrobenzoin rearrangement occurs by the influence of dilute acid, 
when the tertiary hydroxyl has negative polarity and the hydrogen of the 
secondary hydroxyl is induced more positive than that bound to the 
secondary carbon. 


Ex. ArRC(OH)-CHPh(OH), R-C(OH)-CHPh(OH)andAr.C(OH)-CHAnis(OH). 


Vinyl dehydration takes place either (i) by dilute acid when the tertiary 
hydroxyl has negative polarity and the hydrogen combined to the secondary 
carbon is induced more positive than that of the secondary hydroxyl group; 
or (ii) by the concentrated acid when the tertiary hydroxyl has markedly 
negative polarity. Ex. (i) AreC(OH)-CHPh(OH), ReC(OH)-CHR’(OH) ; (ii) 
PheC(OH)-CHR(OH), ReC(OH)-CHR’(OH). 

Semipinacolin rearrangement results either (i) from the dehydration of 
glycols with negatively polarized secondary hydroxyls by dilute sulphuric 
acid as well as concentrated ; or (ii) by the action of the latter upon glycols 
with tertiary hydroxyls induced feebly negative. Ex. (i) Bzl,C(OH)-CHAr 
(OH) ; (ii) RR’C(OH)-CHPh(OH) where R=or-+R’. Such a glycol as satisfies 
the condition of semipinacolin rearrangement should have a strongly nega- 
tive group, such as phenyl, in the secondary carbon in order to diminish 
the influence due to the strong positivity of the adjoining hydrogen. This 
requirement is nothing but the experimental law given by Lévy.* 

The rearrangements of the glycols of the type, RR’C(OH)-CHPh(OH), 
by concentrated sulphuric acid, are worthy of special mention, because they 
show plainly the close relation between the polarity and the mode of the 
rearrangements, making another maintenance to the electronic interpreta- 
tion. Thus, if R’ is an alkyl, we have only semipinacolin rearrangement 
(Ex. 12 and 14); but if R’ is phenyl, the transformation is dependent on the 
electronegativity of the other radical R. Namely, the glycol, RPhC(OH)- 
CHPh(OH), undergoes vinyl dehydration, if R is a strongly negative group 
such as Nap, Ph, or Me (Ex. 8) ; and if R is Bzl, a strongly positive group, 
semipinacolin rearrangement occurs (Ex. 13); while the both reactions take 
place at the same time, in a case when R is a group with weak or inter- 
mediate negativity such as Et, Pr, Bu or iso-Am (Ex. 13). We can find a 
plausible explanation of this in the competitive influences of polarity and 
of sterical factor. 

It shall be here added that iso-butyl radieal appears to be more nega- 
tive than it is usually supposed, and it seems to be at least as negative as 


*Bull. soc. chim., [4] 33 (1923), 1655-66; ibid., [4] 39 (1926), 67-72. 
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methyl, since under the influence of concentrated sulphuric acid (iso-Bu) 
PhC(OH)-CHPh(OH), undergoes vinyl dehydration (Ex. 8), and (iso-Bu) 
RC(OH)-CHPh(OH), where R= Me‘® or Et™, yields (iso-Bu)*CO-CHPhR by 
the migration of Me or Et radical (compare Ex. 14 and 15). 


Migratory tendency of organic radicals is not a definite property as it 
has been supposed, but a function of their electronegativity, and the 
relation between them seems to be conditioned by two factors, that is, the 
attraction between the migrating groups and the atom to which the group 
passes, and the stability of the bond between the wandering group and the 
atom to be quitted. The first or the second factor is predominant, accord- 
ing to whether there exists sufficient difference of electronegativity between 
the groups undergoing selective migration (i) or not (ii). In the former 
case, the sence of polarity of the atom to which the group migrates, exerts 
a directive influence ; thus, if the atom is positively polarized, the wander- 
ing group must be the one that is more negative (ia), and vice versa (ib). 
This conception has a powerful support in the actual existence of these two 
cases, (ia) and (ib), as is exemplified below. On the other hand, in the case 
where the second factor predominates, the migrating group is the one 
which is held with less stable bond, i.e. is the more electropositive group. 
Ex. (ia) Semipinacolic deamination of tertiary amino-alcohols, semihydro- 
benzoin rearrangement, semipinacolin rearrangements of RArC(OH)-CHPh 
(OH), where R=alkyl, (ib) Stieglitz’s rearrangements: RR’R”’C-NHOH, 
RR’R”C-NHCI or RR’R’’C-NH2~RR’C=NR”, where the more electronega- 
tive halogenophenyls have less mobility than phenyl,* since the migration 
of a group takes place toward a negative atom, nitrogen. (ii) Semipina- 
colin rearrangements of RR’C(OH)-CHPh(OH), pinacolin rearrangements of 
R2C(OH)-CR’R”’(OH), where R’ and R” are alkyls. 


I beg to tender my sincere thanks to Prof. K. Matsubara for his kind 
inspection of this paper. 
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A study on the oxidation velocity of ferrous hydroxide in sodium 
hydroxide solution of various concentrations under certain conditions by 
means of air was reported in the previous papers.” Recently A. Krause 
carried out an excellent research” on the same subject under quite different 
conditions, and he refered the author’s experimental results in his discus- 
sion on the inorganic chemistry of iron oxides. 

The discussion, given by Krause, seems to be excellent except his con- 
sideration on the real meaning of the oxidation velocity, observed by the 
author. The observed oxidation velocity, given in the author’s papers, 
were treated in his discussion, as if it means the real reaction velocity, but, 
as was described in the second paper of the author, it is no other than the 
dissolution velocity of oxygen into the solution. 

(1) This Bulletin, 2 (1927); 40; 3 (1928), 137; oy ok Papers of the Institute of Physical 


and Chemical Research, 7 (1927), 35; 9 (i 1928 
(2) Alfons Krause, Z. anorg. allgem. Chem.., 174 (1928), 145. 
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The difference of the experimental conditions will sometimes give quite 
a different meaning on the observed reaction velocity of a heterogeneous 
chemical reaction, and the author considers that it may be necessary to 
give the following interpretations on the author’s experimental results to 
prevent further misunderstanding. 

C.C. Palit and N. R. Dhar have found that the oxidation velocity of 
some carbohydrates, induced by the oxidation of ferrous hydroxide, in- 
creases as the concentrations of sodium hydroxide increases.” A study, 
the results of which being published in the author’s first paper, was under- 
taken to ascertain the expectation that the oxidation velocity of ferrous 
hydroxide will also increase with the increase of the concentration of 
sodium hydroxide under almost the same conditions, as those adopted by 
Palit and Dhar in their study, above cited. Quite unexpected result was 
obtained ; the observed oxidation velocity of ferrous hydroxide decreases as 
the concentration of sodium hydroxide increases under the experimental 
conditions. 

It was thus ascertained in the author’s first paper that the increase of 
the velocity of the induced reaction with the increase of the concentration 
of sodium hydroxide, found by Palit and Dhar, is not due to the increase of 
the reaction velocity of the primary reaction. It will be difficult to explain 
the phenomenon by an usual consideration that only the increase of the 
velocity of the primary reaction causes the increase of the velocity of the 
induced reaction. 

The author proposed to interprete the phenomenon by a new theory of 
induced reaction.” The theory means that a chemical reaction, whose 
velocity is extremely small, may be induced, when the molecules of the 
reacting substances are suitably activated by the direct transference of the 
active states of the molecules of the reaction products of some independent 
chemical reaction. 

If we consider, according to this theory, that the induced reaction 
does not only depend upon the velocity of the primary reaction, but 
also upon the process of the transference of active states, the effect of 
sodium hydroxide on the induced reaction above described can easily be 
explained. 

For the derivation of this conclusion, it is quite unnecessary to ascer- 
tain whether the observed oxidation velocity of ferrous hydroxide is the 
true reaction velocity or not. 


(1) J. Phys. Chem., 29 (1925), 799. 
(2) S. Miyamoto, Scientific Papers of the Institute of Physical and Chemical Research, 4 


(1926), 259. 
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By comparing the oxidation velocity of sodium sulphite™ and stannous 
hydroxide,” observed under the same conditions, with that of ferrous 
hydroxide, it was found that it is quite probable to consider the observed 
oxidation velocity to be the dissolution velocity of oxygen into the solution. 
The author’s second study on the same subject was carried out to confirm 
this consideration by a little modified method. 

As was shown in the author’s papers,” the observed oxidation velocity 
of ferrous hydroxide decreases as the concentration of sodium hydroxide 
increases under the conditions of the author’s experiments. It only means 
that the dissolution velocity of oxygen into the solution decreases with the 
increase of the concentration of sodium hydroxide. Whether the true 
reaction velocity will also decrease with the increase of the concentration 
of sodium hydroxide, or, not, is a problem to be solved by the further 
studies. 

A. Krause found the effect of temperature on the oxidation velocity, 
which was negligible in the author’s measurements, to be very great.” It 
is not curious: it is only due to the great difference between his experi- 
mental conditions and mine, which will give quite a different meaning to 
the observed velocity of this heterogeneous chemical reaction. The effect 
of temperature on the oxidation velocity, observed under the conditions of 
the author’s experiments, is no other than that on the dissolution velocity 
of oxygen into the solution, while the result, observed by A. Krause, will 
have quite a different meaning. 

The effect of temperature or the effect of the increase of the concen- 
tration of sodium hydroxide on the true reaction velocity, the study of 
which was not the purpose of the author’s papers, above cited, may perhaps 
be obtained by a similar method under some suitable conditions, but it was 
left for the later studies. 

The fact, that the real meaning of the observed reaction velocity of a 
heterogeneous chemical reaction may sometimes be quite different, if the 
experimental conditions be not the same, causes the necessity to adopt 
nearly the same experimental conditions, under which the measurements of 
Palit and Dhar were carried out, for the purpose of the discussion on the 
mechanism of the induced reaction, found by Palit and Dhar. It is the 
reason why such experimental conditions, under which the results do not 
give the real reaction velocity but the dissolution velocity of air, were 
adopted by the author. 

(1) S. Miyamoto, this Bulletin, 2 (1927), 74; Scientific Papers of the Institute of Physical 
and Chemical Research, 7 (1927), 40. 

(2) S. Miyamoto, this Bulletin, 2 (1927), 158; Seientific Papers of the Institute of Physical 
and Chemical Research, 7 (1927), 192. 


(3) Loe. cit. 
(4) Loe. cit. 
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According to the considerations above described, it will be clear that it 
is quite meaningless to compare the results of the author’s experiments 
with those observed under quite different conditions, if the latter do not 
mean the dissolution velocity of oxygen into the solution. 


Summary. 


(1) An interpretation on the real meaning of the observed oxidation 
velocity of ferrous hydroxide under the conditions of the author’s experi- 
ments was given to prevent misunderstanding of the author’s papers. 

(2) The reason, why the experimental conditions, under which the 
author’s measurements were carried out, were adopted, was described. 

(3) It was discussed that the oxidation velocity of ferrous hydroxide, 
observed by A. Krause under quite different conditions, will have quite a 
different meaning as that, observed by the author. The difference of the 
real meaning of the observed reaction velocity, caused by the difference of 
the experimental conditions, will explain why the effect of temperature, 
which was negligible under the author’s conditions, was found by A. Krause 


to be very great. 
The Institute of Physical and Chemical Research, 


Hongo, Tokyo. 


THE VISCOSITY OF LIQUIDS ABOVE THEIR 
BOILING POINTS. PART V. 


By Toshizo TITANI. 
Received February 20, 1929. Published March 28, 1929. 


In the preceding papers™ it has been shown that the relation between 
the molecular fluidity ? defined as the reciprocal of the product of viscosity 


7 and molecular distance V*, and molecular volume V or temperature T 
can be expressed by the following simple equations ; 


o=K(V3—B3) 


1 
Px—V9=C(Tx—T)’ . 


where K, B and C are arbitrary constants, and %x the value of # at the 
critical temperature T'x. 
Eliminating # from equations (1) and (2) the relation: 





(1) Part I, this Bulletin, 2 (1927), 95; II, ibid, 161; III, ibid, 196; IV, ibid, 225. 
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2 2 
Vxe— V3=A (Tx—T) 

is obtained, where Vx is the critical molecular volume and A is a constant 

related with the constants K and C by the equation: 


These relations were tested by comparing calculated values with known 
standard data and the agreement was good for many substances over a wide 
range of temperatures extending from 0°C. to far above their boiling points. 

Recently several reliable data® have been added as regards the vis- 
cosities and densities of ethyl ether and acetone at low temperatures. The 
writer is highly indebted to the observers for enabling us to test the above 
relations also at remarkably low temperatures from 0°C. down to the freez- 
ing points. 

As will be seen from Figs. 1 and 2, the molecular fluidity ? of ethyl 
ether and acetone, calculated from the experimental data and plotted 
against the molecular surface V* or the quantity (7x—7)°, gives straight 
lines except very near the freezing points. , 

In the case of acetone, the curve of (9~V*) in Fig. 1 falls in two 
straight lines, respectively referred to the data of Mitsukuri and Tono- 
mura” below 0°C. and those. of Thorpe and Rodger above it. This is not 
the case for the temperature relation in Fig. 2, where only one straight line 
has been obtained. The data of Archibald and Ure deviate from those of 
the other authors and give slightly curved lines. Such discrepancies may 
presumably due to the difference of the specimen employed, as is to be seen 
from the following comparison of density and viscosity of acetone at 0°C. 
observed by respective author. 


Density and viscosity of acetone at 0°C. 
Observer Density Viscosity 
Mitsukuri and Tonomura 0.81392 0.00390 


Archibald and Ure | 0.81400 | 0.00389 
Thorpe and Rodger 0.81858 0.00394 





(1) Mitsukuri and Tonomura, J. Chem. Soc. Japan, 48 (1927), 334; Proc. Imp. Acad. 
Japan, 3 (1927) 155. Archibald and Ure, J. Chem. Soc., 125 (1924), 726; ibid, 128 
(1927), 610. Taylor and Smith, J. Am. Chem. Soc., 44 (1922), 2456. Felsing and 
Durban, ibid, 48 (1926), 2885. 

(2) Mitsukuri and Tonomura have also determined the viscosity of methyl] alcohol at low 
temperatures. For this substance the relations (1) and (2) fail as in the case of ethyl 
alcohol already pointed out in part II. (loc. cit.) 





Heydweiller 
Thorpe & Rodger 
Mitsukuri & Tonomura 


Archibald & Ure 


In tables 1 and 2, My gives the molecular fluidity calculated by equation 
(1) and %, those obtained by equation (2). These values are compared with 
the experimental data 9%... 


Table 1. 
Ethyl ether. 
Oy=83.8 (V2 —85.698),** 
@,=791.0—250 (193:8—1)°. 


| 
! 


Derg. | Dy rs 


5.37 i —52 
8.10 3. —45 
8.98* . —24 
13.16* . —ll 
14.67 . —20 
16.81* ; —10 
18.47 . —16 


**These numerical equations. have already been obtained from Heydweiller’s data 
between 0° and 100°C. in part II. (loc. cit.) 
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Table 1. (Continued.) 


Pos. 7 Vv 





| 
| 


© | 
y | 








| 
| 
} 
| 
b 


18.85 
20.78* 
22.25 
25.69* 
27.05 
31.98* 
34.23 
34.95 
38.41* 
40.69 
45.25* 
44.25 
52.00* 
53.10* 
54.05 
54.87 
57.41 
59.71* 
66.71* 
73.24 
74.08* 
74.40 
82.24 
90.16 ld 
98.42 98.3 
106.8 107.3 
115.4 116.0 
124.6 125.1 
135.0 , 135.3 
146.6 145.9 
159.1 158.8 
172.6 171.8 
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P.»,: 0°—100°C., Heydweiller; * Archibald and Ure; the others, Mitsukuri 
and Tonomura. 


Table 2. Acetone. 
Oy=41.0 (V—62.343) Below 0°C. 
0y=41.0 (V2—61.913) Above 0°C. 
P=805.3—250 (234.4—1)°. 


t°C. , Py 


— 92.0 
—89.7 
— 88.2 
—86.7 
—T79.7 
—79.5 























**Galitzine (1890), Landolt-Bérnstein-Roth Tabellen, 5 Aufl. 
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Table 2. (Continued.) 
£°C. Pb: | Py 4 | Oy 4 
—71.1 20.67 19.3 —14 20.3 —4 
—69.7 20.68* 20.7 0 21.0 + 3 
—59.7 25.21* | 26.1 +9 26.2 +10 
— 59.0 26.55 | 25.8 —§ 26.6 0 
~—57.4 27.42 4 — : = +1 
—56.9 27.58 27.0 — ; | +1 
— 49.9 30.11* 31.0 + 9 31.4 | +13 
—42.6 35.29 | 34.9 —4 35.5 +2 
— 40.0 34.42* 36.4 +20 36.8 +24 
—30.2 39.87" | 41.8 +19 42.5 +26 
—29.7 42.46 | 42.3 —2 42.7 + 2 
—29.4 42.42 | 42.5 + 1 42.8 + 4 
—20.4 | 47.08* 47.4 + 38 48.3 +12 
— 20.6 47.69 | 47.7 0 48.2 + 5 
—10.6 53.73* 53.4 +3 | 54.2 | +5 | 
0.0 62.00* | 60.6 —14 | 60.7 } —-13 | 
0.0 60.43 60.6 + 2 60.7 + 3 
0 61.31 61.2 } —1 60.7 — 6 
10 67.54 | 67.6 +1 67.2 } —38 | 
20 74.22 | 73.9 —3 | 74.0 } —2 | 
30 81.30 80.8 | —5 | 80.9 } —4 | 
40 88.43 88.6 | + 2 88.2 } —2 | 
50 96.03 95.9 } —1 95.7 | —3 | 





P.4,: 0°—50°C., Thorpe and Rodger; * Archibald and Ure; the others, 
Mitsukuri and Tonomura. 

In both cases calculated and observed values stand generally very close 
to each other except near the freezing points, where calculated values 
become too small compared with those observed. In this region of tem- 








Table 3. 
2 2 
2, _ V3—Bs =—— = 
IV°%= - x 100, SO%= obs. calc, x 100. 
v3 obs, 
Ethy! ether Acetone 

eC, |—— , — —____|—.-, —, —_- 

AVIG AD% AV? % AD% 
—120 0 _ ~ _ 
—110 1 —27 -- - 
—100 2 —9 _ = 
— 90 3 — 6 1 —23 
- 80 3 —1 2 —11 
— 70 4 —1 3 — 7 
— 60 5 —1 4 —2 
— 50 6 0 5 _- 
— 40 7 0 5 —1 
— 30 8 0 6 0 
— 20 8 +1 7 0 
— 10 9 +1 8 - 
— 0 10 0 9 0 
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2 63 
peratures the ratio of the molecular free area (V*—B*) to the total surface 


V® becomes very small, as is shown in table 3, so that a slight change in 
the values of B has a great effect on the magnitude of molecular fluidity. 
As B is an effective volume of molecules and can hardly be absolutely con- 
stant under such a condensed state, it seems rather natural that the devia- 
tions from equations (1) and (2) are almost parallel to each other, if it be 
regarded to have been caused by the change of B. 


Table 4. Ethy] ether. 


+ 
V3 —280.53—7.40 (198.4—2)°. 


C _ 250 
K 33.8 


=7.40) 


Obs. ‘ Obs. 
85.94 86.04 
86.96 87.06 
87.98 88.12 
89.02 | 989.13 
90.10 | 90.18 
91.31 91.33 
92.51 92.49 
93.69 | 93.78 
95.01 95.01 
96.34 96.29 
97.70 | 97.68 
99.13 99.06 
100.6 100.7 
102.2 102.3 
108.9 103.8 
105.5 105.6 
107.5 107.4 
109.5 109.4 
111.3 111.4 
113.4 113.4 
115.7 | 116.0 
118.5 118.5 
121.3 | 121.3 
124.7 124.4 
128.5 127.7 
132.7 131.5 
137.6 135.8 
143.1 141.0 
149.7 147.2 
159.1 155.3 
173.6 167.1 
184.4 176.1 
| $4.45 | 33.18 202.2 191.1 
192 35.88 | 34.53 | 214.8 202.9 
193 | 86.93 | 85.77 | | 224.5 214.0 
193.8 | 48.08 | 42.85 | 4 282.2 280.5 | 


19.47 
19.63 
19.79 
19.95 
20.10 
20.28 
20.46 
20.64 
20.83 
21.01 
21.21 
21.42 
21.63 
21.87 
22.09 
22.34 
22.60 
22.86 
23.13 
23.43 
23.74 
24.13 
24.51 
24.97 
25.47 
26.02 
26.65 
27.35 
28.19 
29.35 . 
31.12 30.34 
32.41 | 31.42 
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Densities above 0°C. refer to S. Young and below it Taylor and Smith. 
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This suggests that equation (3), obtained by eliminating the term ? 
from equations (1) and (2), would accurately hold even at very low tempera- 
tures, and this is really the case as is seen in tables 4 and 5. 


At first, the proportionality constant A has been computed from K and 
C by equation (4) and the constant Vx was then chosen so as to obtain the 
best agreement with experimental data. 


Table 5. Acetone. 


2 2 1: 
V*=210.23—6.10 (234.4—t)°. 


(A= C =6.10) 

















K 41.0 
2 = Z 

| vi | V 

°C. — A | ‘ 
Obs. Cale. | | Obs. Cale. | 

—90 15.94 | 15.98 | +4 | 63.75 | 68.89 | 414 
—80 16.08 | 1609 | +1 64.49 | 6454 | +65 
70 16.18 | 1621 | +8 65.25 | 65.27 +2 
60 | 16.34 16.34 | 0 66.04 | 66.07 +3 
—50 | 1647 | 16.47 0 | 66.85 | 66.82 bit 
| _4 | 1661 | 1661 0 | 67.69 | 67.70 +1 
1 .g9 | 16.75 | 16.74 —1 | 6855 | 68.50 -e 
| —20 16.90 | 16.89 —1 | 6944 | 69.44 0 
| 10 17.05 | 1704 | —1 70.39 | 70.33 — 
| 0 17.20 7.19 | —1 | 71.32 | 71.25 | 
| 410 17.36 | 1735 | —1 | 7230 | 72.24 ~2 
20 17.52 | 17.52 0 | 73.31 | 73.33 +2 
30 17.68 17.68 o | 7437 | 74/35 9 
40 17.85 | 17.86 +1 | 46 | 75.50 +4 
50 18.03 18.04 +1 | 176.60 76.61 +1 





The agreement between calculated and observed values is very good 
even down to the freezing points, except that very near the critical tem- 
peratures a deviation of about 1 to 5% appears. 

In part IV of this paper, it has been shown that B is an additive con- 
stant and K, B, C and %x in equations (1) and (2) take universal values 
when they are expressed in reduced form. Since such calculations have 
been already given for ethyl ether, only the result for acetone is shown in 
the following : 


Bots. =62.3~61.9 Beate. =61.8. 


be= =0.297~0.295 (0.308). 
Vx 
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Kvs 
kre= r 1 80~1.79 (1.84). 
K 
K!p=K.M2T 2 V3 =4,18 x 10¢ (4.08 x 104). 


1 
—CTx* _} 0g (1,09). 


Cr 
Px 


i 
ch=CM* Tx 9 51 x 104 (2.40 x 104). 


1 1 
-M?2 Tx? 
bhp = PKM*"*" 9. 32x 108 (2.19 x 104. 


The mean values obtained as the average for many substances are 
shown in parentheses. From the above result it may be concluded that the 
reduced equations cited in Part IV would also hold fairly good for acetone 
without any change. 

In conclusion, the author wishes to express his cordial thanks to Prof. 
M. Katayama for his kind guidance. 


The Institute of Physical and Chemical Research, 
Hongo, Tokyo. 
March, 1929. 


ON CURTIUS AND GOEBELS’ GLYCINE 
ANHYDRIDE SILVER.” 


By Tei-ichi ASAHINA 


Received February 20, 1929. Published March 28, 1929. 


In the preceeding report,” a molecular compound of glycine anhydride 
was described which was presumed to be an intermediate product in the 
formation of Curtius and Gébels’ glycine anhydride silver.” The author, 
thereafter, examined whether other silver compound could behave like the 
nitrate. 

When an excess of saturated aqueous solution of glycine anhydride 
was added to silver oxide newly precipitated, no appreciable change seemed 


(1) The III report of the ‘‘ Studies on Amino-acid Anhydrides.’’ I report, see this Bulletin, 
3 (1928), 151; II report see Hoppe-Seyler’s Zeit. f. physiol. Chem., 179 (1928), 83. 

(2) II report. 

(3) J. prakt. Chem., (2) 37 (1888), 178. 
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to occur, but on addition of a small quantity of ammonia solution under 
vigorous agitation the precipitate of silver oxide turned its colour from 
brown to gray white ; the product is soluble either in excess of ammonia or 
nitric acid. The course of this reaction and the appearance and some pro- 
perties of the product remind us of the Curtius and Gébels’ silver com- 
pound, except that the compound now obtained by the present author was 
much more unstable, a colour change being observed within half an hour or 
so. In order to avoid this rapid change the author tried to prepare this 
substance in a dark chamber illuminated by a red light, but it was found 
that this precaution has been less effective. The black substance, dried in 
vacuo was proved to possess different properties from silver oxide: on 
heating it decomposes explosively just like the Curtius and Gébels’ com- 
pound. The analytical results of the changed product were also proximate 
to those of the known silver compound of these authors. Thus the un- 
changed gray white substance, although it was not allowed to be isolated, 
would possibly be an identical or isomeric substance with the Curtius and 
Gébels’ compound. 


Experimental. 


Silver nitrate (4.5 gr.) was dissolved in water, warmed on a water-bath 
and an excess of potassium hydroxide solution was then added under stir- 
ring. On standing for a few minutes, when silver oxide so formed flocku- 
lated and settled, the supernatant liquid was decanted. The oxide was 
several times washed and decanted with pure water and was suspended in 
200 c.c. saturated solution of glycine anhydride, the content of anhydride 
being about 2gr. When some five c.c. of 10% ammonia solution was poured 
into the liquid under constant agitation, the brown colour of silver oxide 
turned then gradually to grayish white. In this case the precipitate of 
silver oxide must necessarily be crushed, otherwise it seems that the change 
occurs only on the surface of silver oxide. 

The product was quickly separated from liquid by a centrifugal machine, 
washed several times with water on the machine and quickly transferred into 
the desiccator of brown glass and dried under a reduced pressure. In the 
course of this operation the product changes gradually its colour. Before 
analysis it was brought into a brown glass tube and further dried at 50-60° 
in Abderhalden’s desiccating apparatus. 


Analysis. Silver: the substance was dissolved in nitric acid and the silver was pre- 
cipitated with hydrochloric acid, as chloride, Subst.=0.4106, 0.7798 gr.; AgCl=0.3588, 
0.6861 gr. Found: Ag=65.79, 66.24%. Cale. for CsH,N,O.Age: Ag=65.88%. 

Nitrogen: Micro-Kjeldahl. Subst.=10.32, 17.65mg.; HCl (1/70 N.) required=4.16, 
6.97¢.c. Found: N=8.06, 7.9093. Calc. for C,H,Ne-O,Ags: N=8.54%. 
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The rather low value of nitrogen is presumably attributed to the incom- 
plete reaction in the formation of silver compound. 

Appendix. It was recently reported by Ch. Granacher, G. Wolff and 
A. Weidinger™ that silver compound of Curtius and Gébel could only be 
formed with glycine anhydride and not with its homologues, i.e. other 
amino-acid—and dipeptide-anhydrides. According to the present author’s 
experience, the molecular compound of silver nitrate was also obtained only 
with glycine anhydride and other anhydrides gave no such compounds 
under the same condition. This parallelity would perhaps be an indirect 
proof to the author’s assumption stated in the preceeding report. 


In conclusion the author’s best thanks are due to Prof. K. Shibata and 
Prof. Y. Shibata for their kind guidance throughout the study. 


Chemical and Botanical Institutes, 
Faculty of Science, Tokyo Imperial University. 


SPECIFIC HEATS OF ACETONE, METHYL-—, ETHYL—, AND 
n-PROPYL-ALCOHOLS AT LOW TEMPERATURES.” 


By Shinroku MITSUKURI and Kenji HARA. 


Received February 21, 1929. Published March 28, 1929. 


In the ordinary calorimetric works, the environment in which the 
calorimeter is placed has a constant temperature, but at low temperatures, 
it is very difficult to get such one which is so constant enough as to enable 
one to do the accurate thermal measurement. It is not difficult, however, 
to get an environment whose temperature is rising regularly. The present 
authors, therefore, used the latter as the environment of the calorimeter 
with which the specific heats of acetone, methyl-, ethyl-, and n-propyl- 
alcohols at low temperatures were measured. 

The schematic diagram of the apparatus is shown in Fig. 1. M is the 
Dewar vessel containing petroleum ether in which the whole system of the 
calorimeter is imbedded. A is a brass cylinder, and B the calorimeter 
proper which is suspended in A. J is the platinum resistance thermometer 
for measuring the temperature of the calorimeter, and E the manganin 
wire wounded around B, through which the electric current for the heating 
of the latter is passed. 

The liquid air contained in another Dewar vessel of flask-like shape is 
forced to go through the syphone H and the copper tube K, so that the 
(1) Helv. 11(1928),12299. ©. wer 
(2) The abstract of this paper was published in Proc. Imp. Acad. Japan, vol. 4. 
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Fig. 2. 





temperature in A goes down. When 
the temperature becomes low enough, 
the circulation of the liquid air is 
stopped, and then, being left in this 
state, the whole system in M finally 
takes the stationary state in which 
the temperature is rising regularly. 
At this time, electric current, which 
is measured with a potentiometer and 
a standard resistance, is supplied to 
the calorimeter for a proper interval 
of time, while the temperature of the 
calorimeter is measured at regular 
intervals. 

The time-temperature curve thus obtained has the form shown by the 
curve 1 in Fig. 2, in which the part B C shows the region where electric 
current is passed in the calorimeter, while A B and C D show the regions 
before and after the passage of electric current. 

Now, if the temperature of the environment is assumed to be con- 
stant throughout the measurement, the curve 1 must take the form shown 
by the curve 2in the same figure. The curve 2 can be obtained from the 
curve 1, when, from each value of the temperature on the latter, the 
product of the time and the rate of rise of the temperature is substracted. 
From the curve 2, the curve 3 can be obtained, when the ordinary correc- 
tion for the heat loss of the calorimeter is applied. With the value of 
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the temperature rise obtained from the curve 3, the electric energy 
supplied to the calorimeter and the amount of the sample used, the 
specific heat of the sample can be calculated, if the heat capacity of 
the calorimeter is known. The last mentioned quantity is able to be 
measured in the same way as stated above, if the experiment is conducted 
with the empty calorimeter. 


Table 1. Table 2. 
Specific Heats of Acetone Specific Heats of Methyl-alcohol 


Absolute temp. Specific heats Absolute temp. Specific heats 


204.8 0.481 190.5 0.524 
209.6 0.482 | 

209.7 0.479 , 192.0 | 0.537 
211.5 | 0.472 198.3 | 0.536 
214.3 0.482 

215.4 | 0.479 196.7 0.535 
217.4 0.480 204.6 0.541 
225.6 | 0.486 208.9 0.539 
229.2 0.486 ‘ 

ap oo 211.5 | 0.557 
232.9 0.493 214.0 0.540 
235.7 0.499 220.5 0.544 
236.8 0.494 ‘ 

240.8 0.499 — “es 
243.3 0.504 238.7 5 
246.6 0.501 242.0 0.571 


246.6 0.495 ° 
247.3 | 0.508 pang pape 
247.5 0.497 249.9 0.582 


249.7 | 0.497 254.7 0.570 


251.0 0.504 258.4 0.584 


ae: | O 507 262.4 0.582 


256.3 0.510 264.8 0.577 


Table 3. 
Specific Heats of Ethyl-alcohol. 


Absolute temp. | Specific heats Absolute temp. Specific heats 


184.4 0.471 234.4 0.517 
188.7 0.471 234.7 0.521 
193.6 0.477 238.7 | 0.512 
198.0 0.490 242.7 0.523 
199.1 0.490 254.0 0.538 
204.7 0.492 256.0 0.542 
208.6 0.491 259.6 | 0.538 
214.1 0.493 263.3 0.539 
219.0 0.514 264.8 0.041 
221.0 50 264. 0. 

224.3 0.510 26.9 0.547 
226.9 0.513 268.8 | 0.552 
— 0.515 
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Table 4. 
Specific Heats of Normal-propyl-alcohol 








Absolute temp. Specific heats Absolute temp. Specific heats 
162.8 0.422 233.6 0.497 
168.0 0.433 234.3 0.504 
170.7 0.423 236.9 0.491 
176.0 0.444 237.1 0.500 
182.0 0.445 243.3 0.510 
192.3 0.464 244.7 0.504 
192.3 0.466 246.4 0.510 
196.8 0.468 248.3 0.507 
202.5 0.471 250.7 0.506 
207.6 0.473 254.5 0.517 
209.6 0.475 257.3 0.520 
215.5 0.480 259.2 0.523 
222.5 0.495 266.0 0.533 
222.9 0-493 268.3 0.551 
226.5 0.486 269.8 0.550 
228.6 4,495 270.5 0.540 
230.7 0.489 274.4 0.545 
231.1 0.500 
Table 5. 
Specific heats 
Abs. Temp 
Acetone Methyl-al. Ethyl-al. | n-Propyl-al. 
170. — — _ 0.432 
180. -- — — 0.449 
190. — 0.533 | 0.476 0.460 
200. 0.470 0.539 0.488 0.469 
210. 0.476 0.546 0.498 0.476 
220. | 0.482 0.551 0.505 0.484 
230. 0.488 0.558 0.512 0.493 
240. 0.496 0.564 0.519 0.502 
250. 0.503 0.571 0.523 0.512 
260. 0.511 0.577 0.539 0.525 
270. -- 0.583 } 0.552 0.541 


The results of the experiments were shown in Tables 1 to 4, and graph- 
ically represented in Fig. 3. The values of the specific heats shown in the 
Table 5 are those obtained from the curves in Fig. 3. 

These values are not much different from those obtained by Parks and 
his co-workers” with the so-called Nernst method, but perhaps the former 
values have less errors. 


(1) G.S. Parks, J. Am. Chem. Soc., 47 (1925), 338; 48 (1926), 2788 and K. K. Kelley, 
J. Am. Chem. Soc., 47 (1925), 2089. 
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Aceton. Methyl Alcohol. Ethyl Alcohol. n-Propyl Alcohol. 
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